We obtain the renormalization group(RG) functions for the O(N ) scalar field theory and the Higgs-Yukawa field theory with the Coleman-Weinberg mechanism in which the symmetry breaking occurs radiatively by using the method proposed previously in case of the neutral scalar field theory.
The effective potential of the O(N) scalar field theory in the MS scheme has the form [7] V MS (λ, φ, µ) = 
where κ = (16π 2 ) −1 , n = N − 1 , l is the order of the loop and
and Ω(x) is given by
Since the effective potential is independent of the renormalization mass scale µ, it satisfies the renormalization group equation
where the RG functions β MS and γ MS are given by [4] 
and
In order to obtain the effective potential for the RSB scheme from V MS (λ, φ, µ), let us perform a finite transformations of the coupling constant λ and the classical field φ to λ and φ as λ = λ( λ) and φ = φ f ( λ ) respectively so that the resulting effective potential for the RSB scheme V R ( λ, φ, µ) has the form
and satisfies the renormalization condition
Then the corresponding change of the RG function due to these transformations are given by [5] 
Note that the l-loop of order transformation λ = λ( λ) and φ = φ f ( λ ) determine the (l + 1)-loop order coefficient of the RG functions β R ( λ) and γ R ( λ). Now, let us apply the above procedure to obtain the two-loop effective potential and the RG functions in the RSB scheme. The general form of the O(κ) transforms can be written as
where l 1 ≡ log(
. By demanding that the one-loop effective potential have the form (7), we obtain
By substituting Eq.(11) into Eq. (10) R ( λ) which is the O(κ 2 ) coefficient of the RG function γ R ( λ) depend on l 1 and l 2 . Hence, in order to obtain simple results for the two-loop RG functions, we choose d 110 = d 101 = d 100 = 0. Finally, by demanding that V R ( λ, φ, µ) satisfies the renormalization condition given in Eq. (8), we obtain
Next, let us write the O(κ 2 ) transformation as
By substituting Eqs. (14) into (7) we can see that by choosing R ( λ) which is the three-loop coefficients of the RG functions β R and γ R , we can see that those terms that depend on l 
As a result, up to two loop order, we obtain the RG functions and effective potential in RSB scheme as
Note that up to this order V R ( λ, φ, µ) coincide with the effective potential given in Ref. [8] and satisfies the RG equation
B.
Higgs-Yukawa field theory
The effective potential of the Higgs-Yukawa field theory which is the O(4) symmetric scalar field theory coupled to the Dirac fermion with the Yukawa coupling constant h in the MS scheme is given by [9] :
( I(H, H, H)
where
and I(x, y, z) = 2(x log( x µ 2 ) + y log(
The ξ(x, y, z) is a function independent of the logarithms and the detailed form of this function is given in [9] . Since the effective potential is independent of the renormalization mass scale µ, it satisfies the renormalization group equation
Since the effective potential depends on two different coupling constants λ and h, let us generalize the previous results (Eqs. (9) and (10)) which correspond to a single coupling constant λ to the case where several coupling constants λ i (i = 1, .., N ) exist and consider the finite transforms of the coupling constants λ i and the classical field φ as
Then the RG of the coupling constants in RSB scheme can be obtained as
where (M ) ij ≡ ∂λi ∂ λi which can be obtained from (29). The RG of the classical field φ in RSB scheme can be obtained by a simple extension of the Eq. (10) as
As in case of the O(N) symmetric scalar field theory, we have searched the finite transformation of the coupling constants and the classical field by requiring that the one-loop effective potential take the form eq. (7), satisfy the renormalization condition given in eq. (8) and that the coefficients of the logarithms L ≡ log φ 2 µ 2 of the two loop effective potential does not depend on log λ and log( h 2 ). The resulting one-loop order transformation was not unique and one possible solution was
Form this equation, one can see that the coefficient of the
does not depend on l i terms so that the coefficient of the L in the O(κ 2 ) term of V R ( λ, h, φ, µ) is independent of l i terms. In the case of the Higgs-Yukawa theory which contains three different mass scales in the effective potential, one can check that the l i terms always appear in the O(κ 2 ) RG functions even with the most general form of the finite transformation of the coupling constants and the classical field. The appearance of the logarithms in the coefficients of the RG functions also happens in case of the multi-scale renormalization [10] . As a result of these logarithms, the RG running of the coupling constants and the classical field will be different compared to the case of the usual RG functions which is a polynomial of the coupling constants and this is in progress.
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